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cally setting a pickup lens suitable for an optional optical 
disk selected from a plurality of optical disks having dif- 
ferent thicknesses. Current flowing through in actuator 
is detected with a detector circuit, A/D converted, and 
supplied to a controller. The controller detects the in- 
focus positions at the surface and reflection film of an 
optical disk in accordance with an FOK signal and an 
FZC signal, calculates the current values flowing 
through the actuator at the in-focus positions, and 
judges the thickness of the optical disk in accordance 
with a difference between the current values. 
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Description 

BACKGROUND OF THE INVENTIO N 

1. Field of th e Invention 

The present invention relates to an optical disk 
apparatus, and more particularly to an optical disk 
apparatus capable of discriminating a loaded optical 
disk from a plurality of optica! disks having different 
thicknesses and selecting a pickup lens most suitable 
for the disaiminated optical disk. 

2. Description of the Related Art 

A conventional optical disk apparatus for data 
recording, reproducing and erasing has: an optical 
focussing system in which a laser beam is focussed via 
a pickup lens to a loaded optical disk, and light reflected 
from the optical disk is detected with a photodetector; 
and a focus pull-in control system having an actuator for 
converging the laser beam to the optical disk. 

Fig. 7 is a block diagram showing the structure of 
such a conventioned optical disk apparatus. This optical 
disk apparatus has: a photodetector 31 having a total of 
four unit elements A, B. C and D; amplifiers 32, 33, 34 
and 35 for amplifying respective signals detected with 
the unit elements A. B, C and D; an RF amplifier 36 for 
amplifying a sum of all the outputs of the amplifiers 32. 
33. 34 and 35; a focus en^or (hereinafter abbreviated as 
FE) amplifier 37 for amplifying a sum of the outputs of 
the annplif lers 33 and 35 subtracted by a sum of the out- 
put of the amplifiers 32 and 34; a signal processing cir- 
cuit 50 for processing an RF signal 38 output from the 
RF amplifier 36 to obtain a necessary signal such as an 
audio signal; a D/A converter 51 for converting a digital 
signal output from the signal processing circuit 50 into 
an analog signal; an amplifier 52 for amplifying an out- 
put of the D/A converter 51 , and a speaker 53 for receiv- 
ing an output of the amplifier 52 and producing sounds. 
The optical disk apparatus further includes: an RF com- 
parator 40 for receiving an RF signal 38 generally called 
a sum signal as its non-inverting input (+) and a voltage 
divided by a variable resistor 42 as its inverting input (-) 
and outputting a focus-ok (FOK) signal 55; an FZC com- 
parator 41 for receiving an FE signal 39 from the FE 
amplifier 37 as its non-inverting input {-¥) and a voltage 
divided by resistors 43 and 44 as its inverting input (-) 
and outputting a focus zero cross (FZC) signal 56; a 
servo ON/OFF switch 46. a resistor 45 connected 
between one end of the switch 46 and an output of the 
FE amplifier 37; a servo drcuit 47 for receiving a signal 
at the one end of the switch 46 and a signal from a con- 
troller 54; a driver 48 for power amplifying a signal out- 
put from the servo circuit 47; an actuator 49 connected 
to an output of the driver 48 and made of a focus coil; 
and the controller 54 made of a microcomputer for 
receiving the FOK signal 55 and the FZC signal 56 and 
controlling the servo system including the switch 46, 


servo circuit 47, and the like. A combination of the FOK 
signal and FZC signal is called a focus signal. 

The variable resistor 42 is connected between a 
power source voltage +V and the ground, and is used 
5 for controlling an FOK level so that the focus point of a 
reflection film of the optical disk is detected without 
detecting the surface of the optical disk. The resistors 
43 and 44 are serially connected between the power 
source voltage +V and the ground, and is used for pre- 
10 setting the bias of the inverting input (-) to a predeter- 
mined voltage value so that the zero cross point of the 
FE signal 39 is correctly detected. The block diagram of 
Fig. 7 described above is mainly pertains to a focus pull- 
in control system. 
15 The operation of the optical disk apparatus shown 
in Fig. 7 will be desaibed with reference to the flow 
chart of Fig. 8 illustrating the control procedure for the 
optical disk and with reference to the'^timing chart of Fig. 
9 showing the waveforms of signals at various circuit 
20 portions. Rrst, at Step SI a laser power source is 
turned on and a laser beam is applied to a loaded opti- 
cal disk. Next, at Step S2 the focus servo system starts 
moving up a pickup lens toward the optical disk at a con- 
stant speed. Therefore, the in-focus position gradually 
25 moves toward the inner region of the optica! disk. 

In this case, a small peak appears on the RF signal 
38 at a position P1 and at a timing t1 when the in-fbcus 
position reaches the surface of the optical disk This 
small peak waveform has a level of the FOK level or 
30 lower set to the RF comparator 40 so that the FOK sig- 
nal 55 does not change. An S-character or Inverted 8- 
character curve appears on the FE signal 39 so that the 
FZC signal 56 of a negative pulse having a falling edge 
at the focus zero cross point is output. The two signals. 
35 FOK and FZC signals 55 and 56. are collectively called 
a focus signal as described earlier. This position P1 cor- 
responds to the in-focus position of the optical disk sur- 
face. Since it is not meaningless to stop the servo 
system and fix the focus at this timing, the switch 46 
40 maintains an OFF state so that the servo system contin- 
ues its operation without advancing to Step S5. 

A position P2 at a timing t2 when the FOK signal 55 
is detected at Step S3 corresponds to the in-focus posi- 
tion at the reflection layer in the inner region of the opti- 
45 cal disk. In this case, since the RF signal 38 has a level 
higher than the FOK level, an FOK signal 55 is output 
which is a positive pulse having a width corresponding 
to the period while the RF signal 38 takes a level higher 
than the FOK level. In this case, the FE signal 39 has a 
50 large S-character impulse which is shaped by the FZC 
comparator 41 and output as the FZC signal 56 having 
a falling edge at the zero cross point. 

Since the FZC signal 56 takes an L (low) level at 
Step S4 and the FOK signal 55 takes an H (high) level 
55 at Step S3, the flow advances to Step S5 whereat the 
focus servo loop is closed so that motion of the pickup 
lens is stopped and the position P2 is established as the 
focus-on-point which is the in-focus point at the reflec- 
tion layer. 
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As the lens is moved at a constant speed, there is a 
point at which the in-focus is obtained instantaneously. 
This in-focus point con^esponds to the zero cross point 
while the RF signal 38 is higher than the FOK level and 
while the amplitude of the focus error signal is lower 
than a threshold value E. It is known that if the objective 
lens is positioned in the area corresponding to this 
period, the focus pull-tn can be performed always stably. 

In the structure described atx>ve. the FOK level is 
set by the RF comparator 40. There is a case wherein 
there is only a small difference between the peak values 
of the RF signals 38 reflected from the surface of an 
optical disk and from the reflection layer in the inner 
region of the optical disk. In such a case, the pulse of 
the FOK signal 55 is generated for both the peak signals 
of the RF signals. Therefore, the disk surface may be 
erroneously judged to be the reflection layer surface. 
Alternatively, the pulse of the FOK signal 55 may not 
generated for both the peak signals so that the unload 
state of an optical disk may be erroneously judged. As 
above, inability of setting a sufficient voltage margin of 
the FOK level may result in focus pull-in control with less 
reliability. 

Also in the above structure, the focus control is per- 
formed by a pickup lens used in common for optical 
disks of one kind having generally the same focus-on- 
point. If an optical disk of another kind having a thick- 
ness greatly different from the one kind is loaded, it is 
impossible to use the same lens for the focus control in 
excess of a refraction limit because of the spherical 
aberration. 

Figs. 10A to 100 are cross sectional views of opti- 
cal disks of three kinds. The optical disk shown in Fig. 
10A is called a CD (compact disk) having a thickness of 
sbovX 1.2 mm and an aluminum reflection film 60 
formed on the main surface of a polycartx>nate sub- 
strate 61 . An optical disk shown in Fig. 10B is called a 
DVD (digital versatile disk) having a thickness of about 
0.6 mm and an aluminum reflection film 64 formed on 
the main surface of a second polycarbonate substrate 
63 and a first substrate 62 stacked on the surface of the 
reflection film 64. The optical disk shown in Fig. 100 is 
called a two-layer DVD having a thickness of about 0.6 
mm and a reflection film 67, an intermediate layer 
(transparent material) and a semi-transparent film 68 
interposed between first and second substrates 65 and 
66. It is desired to use the same optical disk apparatus 
for the reproduction and recording of optical disks of 
three different kinds. 

A conventional optical disk apparatus having a 
function of discriminating between optical disks of a plu- 
rality of different kirxis is disclosed in Japanese Patent 
Laid-open HEI 5-54406. This optical disk can discrimi- 
nate between different kinds of optical disks without 
using a specific detector, by measuring a disk substrate 
thickness with measuring means which measures the 
time interval of two S-character waves on the focus error 
signal while focus position control means moves the 
objective lens near to the disk surface. 


With this structure, however, the time interval 
depends on the motion speed of the objective lens. 
Therefore, if the motion speed fluctuates, the time inter- 
val changes even if the disk thickness is the same so 
5 that correct measurement of the disk thickness is diffi- 
cult. 

SUMMARY OF THE INVENTIO N 

10 It is an object of the present invention to provide an 
optical disk apparatus capable of solving the following 
issues: 

(1) realizing a considerably increased detection 
IS voltage margin, without using means for discrimi- 
nating between a disk surface and a reflection layer 
by setting the FOK level; 

(2) enabling focus control with high reliability; 

(3) enabling to load disks having a large thickness 
20 difference of the substrate on the same optical disk 

apparatus for data recording and reproducing; 

(4) enat>ling to load disks including a CD. a DVD 
and a two-layer DVD on the same optical disk appa- 
ratus for data recording and reproducing; 

25 (5) eliminating influence of a lens motion speed 
change upon thickness measurement; and 
(6) enabling to quickly discriminate between disk 
thicknesses even if the substrate thickness is 
greatly different. 

30 

According to one aspect of the present invention 
solving the above issues, an optical disk apparatus for 
data recording, reproducing and erasing is provided 
which has an optical focussing system in which an 
35 optional optical disk is selected from a plurality of optical 
disks of different kinds having different thicknesses and 
loaded in the optical disk apparatus, a laser beam is 
focussed via a pickup lens to the loaded optical disk, 
and light reflected from the loaded optical disk is 
40 detected with a photodetector, and having a control sys- 
tem with an actuator for converging the laser beam to 
the optical disk, the optical disk apparatus comprising: 
means for detecting a focus signal from the photodetec- 
tor while the pickup lens is moved by the control system; 
45 temporary storage means for storing, as first and sec- 
ond measured values, drive currents or voltages of the 
actuator representative of the in-focus positions at the 
surface of the optical disk and at a reflection film of the 
optical disk, in accordance with the focus signal; sub- 
so traction means for calculating a difference of the second 
measured value from the first measured value; and 
identifying means for identifying the kind of the optical 
disk by comparing the calculated difference with a refer- 
ence value. 

55 

BRIEF DESCRIPTION OF THE DRAWING S 

Rg. 1 is a block diagram showing the structure of an 
optical disk apparatus according to an enrtbodiment of 
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the invention. 

Fig. 2 is a timing chart showing signal waveforms at 
various circuit portions of the optical disk apparatus of 
the embodiment, in which focus search is performed for 
an optical disk of 0.6 mm thick. 

Fig. 3 is a timing chart showing signal waveforms at 
various circuit portions of the optical disk apparatus of 
the embodiment, in which focus search is performed for 
an optical disk of 1 .2 mm thick. 

Fig. 4 is a flow chart illustrating the first half portion 
of the control procedure according to an embodiment of 
the invention. 

Fig. 5 is a flow chart illustrating the second half por- 
tion of the control procedure of the embodiment. 

Fig. 6 is a perspective view showing the structure of 
a pickup used by the embodiment optical disk appara- 
tus. 

Fig. 7 is a block diagram showing the structure of a 
conventional optical disk apparatus. 

Fig. 8 is a flow chart illustrating a conventional con- 
trol procedure. 

Fig. 9 is a timing chart showing signal waveforms at 
various circuit portions of the conventional optical disk 
apparatus performing focus search. 

Figs. 1 0A to 1 0G are cross sectional views showing 
optical disks of different kinds. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An optical disk apparatus according to an embodi- 
ment of this invention shown in the block diagram of Fig. 
1 is different from the conventional optical disk appara- 
tus shown in the block diagram of Fig. 7. in that the 
servo system is provided with a current detector circuit 
31, that a controller 16 discriminates between optical 
disks by detecting current or voltage of an actuator of 
the servo system, and that an FOK level set to an FOK 
amplifier 1 0 is low. The other structures are the same as 
those shown in the block diagram of Fig. 7. 

A pickup 1 has the structure, for example, same as 
that of the photodetector 31 and amplifiers 32, 33. 34 
and 35 shown in Fig. 7. RF and FE amplifiers 2 and 3 
may be the same as the RF and FE amplifiers 36 and 
37. An FOK amplifier 10 for inputting an RF signal 12 
and outputting an FOK signal 14 may have the same 
structure as the RF comparator 40, however, with a dif- 
ferent setting value of the variable resistor 42. In this 
embodiment, in particular, the bias of a variable resistor 
(not shown) is set so that pulses detecting both the sur- 
face and reflection film of an optical disk can be gener- 
ated as will be described later. 

A FZC amplifier 1 1 for inputting an FE signal 13 and 
outputting a FZC signal 1 5 may have the same structure 
as the FZC comparator 41 and have bias resistors (not 
shown) same as the bias resistors 43 and 44. The servo 
system including a phase compensator circuit 9 receiv- 
ing the RF signal 12, a switch 18 and an adder 19 is 
controlled by a controller 16. The adder 19 is controlled 
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via a D/A converter 17 for converting a digital value into 
an analog value. An amplification factor of a power 
amplifier driver 22 is set by resistors 20 and 21 . An out- 
put of the driver 22 is supplied via a resistor 24 to an 
5 actuator 23 made of a focus coil. 

The cun-ent detector circuit 31 detects a voltage 
across the resistor 24 having a predetermined value in 
order to detect current flowing through the actuator 23. 
Resistors 25 and 27 are serially connected to an invert- 
70 ing input terminal (-) of a comparator 30, and resistors 
26 and 28 are serially connected to a non-inverting 
input terminal (+) thereof also connected to which is a 
resistor 33. In order not to amplifier high frequency com- 
ponents such as noises, a capacitor 29 is connected 
75 between the common connection point of the resistors 
25 and 27 and the common connection point of the 
resistors 26 and 28. 

An analog value output of the comparator 30 is con- 
verted by an A/D converter 32 into a digital value which 
20 is supplied to the controller 16. The controller 16 is 
made of a microcomputer and stores therein control 
programs which are executed in a predetermined order 
to be described later. The RF signal 12 is supplied to a 
signal processing circuit 34 which supplies a video sig- 
25 nal to a D/A converter 4 and to a display unit 6 and sup- 
plies an audio signal to a D/A converter 5 and via a 
driver 7 to a speaker 8. 

The circuit shown in Rg. 1 mainly shows the focus 
pull-in control system of the optical disk apparatus in 
30 which any one of optical disks of different kinds shown 
in Figs. 10A to IOC can be loaded. 

Reference is made to the timing chart of Fig. 2 illus- 
trating the focus search of an optical disk of 0.6 mm 
thickness and the flow charts of Figs. 4 and 5 illustrating 
35 the procedure of the controller 16. First, at Step S6 a 
power is turned on to apply a laser beam to an optica! 
disk. Next, at Step S7 the pickup lens is gradually 
moved up toward the surface of the optical disk. 

If an In-focus is obtained at the surface of the optical 
40 disK the RF signal 1 2 takes a level higher than a preset 
FOK level so that an FOK signal 14 is obtained which 
has a pulse wkJth corresponding to the period while the 
RF signal 12 takes a level higher than the preset FOK 
level. It is to be noted that the bias of the FOK amplifier 
45 10 is set so that the FOK signal 14 is output also when 
the in-focus at the optical disk surface is obtained. 

The focus error (FE) signal 13 has an S-character 
impulse (in this case, inverted S-characler impulse) 
which is shaped by the FZC amplifier 1 1 to obtain an 
50 FZC signal 15 having a predetermined pulse width and 
a falling edge at the zero cross point. These pulse sig- 
nals satisfy the condition of Step S8 that the FOK signal 
14 takes an H (high) level and the condition of Step S9 
that the FZC signal takes an L (low) level. At the next 
55 Step SI 0. coil current of the actuator 23 is sampled and 
held and then A/D converted. At Step S1 1 . this coil cur- 
rent i1 is stored in a memory of the controller 16. It is 
judged at Step SI 2 whether the stored current which 
satisfied the conditions of Steps S8 and S9 is either for 
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the first time (in-focus at the surface of the optical disk) 
or for the second time (in-focus at the reflection film). If 
it is judged to be the first time, the flow returns to Step 
SB. 

Next, as the lens is further moved, the RF signal 1 2 
having a larger impulse is obtained when the in-focus at 
the reflection film of the optical disk is obtained. This RF 
signal 12 is compared with the FOK level to obtain the 
FOK signal 1 4 having a pulse width corresponding to 
the period while the RF signal 12 takes a level higher 
than the FOK level. In this case, the FE signal 13 has a 
larger S-character impulse and an FZC signal 15 is 
obtained which has a predetermined pulse width and a 
falling edge at the zero cross point. These pulse signals 
satisfy the conditions of Steps SB and S9. and after 
Step S10, coil current i2 is stored in the memory of the 
controller 16 at Step S1 1 . 

Since the coil cun-ent i2 is for the second in-fbcus at 
Step SI 2, the flow advances to Step SI 3 whereat a cur- 
rent value (i2 - i1), i.e., a current difference, is calcu- 
lated. This current difference is compared at Step S14 
with a preset reference value (in this embodiment, a cur- 
rent value corresponding to a thickness of 0.9 mm is 
used as the reference value). If the current difference is 
smaller than the reference value, it is judged at Step 
SI 5 that the optical disk is an 0.6 mm thick optical disk. 
If the current difference is lager than the reference value 
(corresponding to the thickness of 0.9 mm), it is judged 
at Step S1 6 that the optical disk is an 1 .2 mm thick opti- 
cal disk. After Step S15, the pickup lens is changed to a 
DVD (high NA) type to thereafter terminate the proce- 
dure. 

Reference is made to the timing chart of Fig. 3 illus- 
trating the focus search of an optical disk of 1 .2 mm 
thickness. Also in this case, the coil current i1 for the in- 
focus at the surface of the optical disk is detected at 
time t1 , and another coil current i3 for the in-fbcus at the 
reflection film is detected. A current difference (i3 - i1) is 
calculated. Since this current difference is larger than 
the reference value (corresponding to the thickness of 
0.9 mm), the flow advances to Steps SI 6 and SI 8 to 
change the pickup lens to the CD (low NA) type to there- 
after terminate the procedure. 

Although the coil current i3 is smaller than twice the 
coil current i2, the current difference (i3 - i1) is about 
twice the current difference (i2 - i1). Therefore, it is more 
advantageous to compare the current difference with 
the reference value and the reliability of the comparison 
at Step SI 4 becomes better, because of a lager differ- 
ence between the two current differences. Furthermore, 
if an absolute value is used for the comparison therebe- 
tween instead of the current difference, this absolute 
value changes with the mount position of the turntable. 
In this connection, if the current difference is used, a 
variation of coil current to be caused by the variation of 
the mount state of an optical disk can be eliminated. 

For selecting a pickup lens at Steps SI 7 and S18, a 
plurality of lenses having different numerical apertures 
NA are prepared for realizing in-fbcus without any 


spherical aberration. A plurality of lenses are disposed 
in plane and controlled to be rotated about one axis to 
thereby select a suitable one. 

A pickup of such a twin-lens type is shown in Fig. 6. 
5 The pickup shown in Fig. 6 has a lens holder 70 
mounted on which are a CD objective lens 78. a DVD 
objective lens 79, iron pieces 71. 72 and 75. and track- 
ing coils 73, 74 and 76. A focussing magnet 80 is also 
mounted between a support 81 and the lens holder 70, 
10 and tracking magnets 77 and 83 are fixed to the support 
81 spaced apart from each other so that the lens holder 
70 can rotate freely about a rotary shaft 82. Another iron 
piece and another tracking coil are also mounted 
although they are not shown in Fig. 6 because they are 
15 at the back of the tracking magnet 77. 

While no current flows through the tracking coils 73, 
74 and 76 and the like, the iron piece 72 and tracking 
magnet 81 for example are structured to be attracted 
each other. Namely, even if no control voltage is applied. 
20 one of the lenses 78 and 79 is set to a normal stage. 
With this structure, in order to switch between the 
lenses, a kick pulse is applied to the tracking coil 74 in a 
short time to generate a repulsion force larger than the 
attraction force between the magnet 81 and iron piece 
25 72. The lens holder 70 therefore receives a rotation 
torque and rotates the lens holder 70. After some rota- 
tion, the iron piece 71 is attracted to the magnet 81 and 
fixed to the normal stage. In this manner, the lenses 78 
and 79 fixed to the lens holder 70 are selectively 
30 switched. In order to recover the position of the original 
lens, a kick pulse of an opposite polarity is applied to 
perform a similar control. 

At Steps SI 7 and SI 8. the switching control only is 
executed. In this case, means for visually displaying 
35 which optical disk was selected may be provided. 

In the current detector circuit 31 of this emtxxli- 
ment. the resistor 24 is connected serially to be actuator 
23 to measure the current flowing through the actuator 
23 by detecting the voltage across the resistor 24 hav- 
40 ing a presumably constant resistance. This voltage 
value is supplied via the A/D converter 32 to the control- 
ler 16 which converts the voltage value into the current 
value. Since the voltage value is proportional to the cur- 
rent value, the voltage value itself may be used for com- 
45 parison. The current detector circuit 31 shown in Fig. 1 
is only illustrative and may use known means for directly 
detecting a current. 

As aljove, since it becomes possible to discriminate 
between optical disks during the focus search, the lens 
50 can be replaced immediately so that the time required 
for reading actual data can be shortened. 

According to the optical disk apparatus of this 
invention described atx)ve, a current difference 
otrtained during the in-focus at the surface and reflec- 
55 tion film of an optical disk is used for the discrimination 
between optical disks. Therefore, discrimination reliabil- 
ity is very high and all the previously described issues 
can be solved. 
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Claims 

1 . An optical disk apparatus for data recording, repro- 
ducing and erasing, the apparatus having an optical 
focussing system in which an optional optical disk is s 
selected from a plurality of optical disks of different 
kinds having different thicknesses and loaded in the 
optical disk apparatus, a laser beam is fbcussed via 

a pickup lens to the loaded optical disk, and light 
reflected from the loaded optical disk is detected io 
with a photodetector, and having a control system 
with an actuator lor converging the laser beam to 
the optical disk, the optical disk apparatus compris- 
ing: 

15 

means for detecting a focus signal from the 
photodetector while the pickup lens is moved 
by the control system; 

temporary storage means for storing, as first 20 
and second measured values, drive currents or 
voltages of the actuator representative of the 
in-fbcus positions at the surface of the optical 
disk and at a reflection film of the optical disk, in 
accordance with the focus signal ; 25 

subtraction means for calculating a difference 
of the second measured value from the first 
measured value; and identifying means for 
kientifying the kind of the optical disk by com- 30 
paring the calculated difference with a refer- 
ence value. 

2. An optical disk apparatus according to claim 1 , fur- 
ther comprising means for selecting the pickup lens 35 
suitable for the optical disk whose kind was identi- 
fied by said identifying means. 
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